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What's New
Higher meat or meat alternatives consumption among 12-to 36-month-old children modestly but significantly reduced the risk for iron deficiency. Our findings highlight that when combined with other healthy feeding practices, eating meat according to current recommendations may prevent iron deficiency in early childhood.
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INTRODUCTION
Early childhood is a critical period in human development. 1 Iron deficiency anemia is known to be associated with delays in early childhood cognitive development which may be irreversible, and has been associated with long-term educational, cognitive and emotional impairments. 2 Iron deficiency peaks in prevalence during the toddler years (1-3 years) largely due to nutritional factors. 2 In Canada, studies suggest a prevalence of iron deficiency amongst young children of 12% or higher, and a prevalence of 1.5% or higher for iron deficiency anemia. 3 This is similar to the United States, where the prevalence of iron deficiency among 1-2 year olds is 14% . 4, 5 Diet and feeding practices established in early childhood have the potential to prevent iron deficiency and optimize human development.
In 2003, the World Health Organization (WHO) and the Pan American Health
Organization (PAHO) published unified, scientifically-based guiding principles for complementary feeding of the breastfed child. 6 The guidelines recommend introducing complementary foods at 6 months of age while continuing to breastfeed, and that "meat, poultry, fish or eggs should be eaten daily, or as often as possible" to ensure the nutrient needs of the child. 6 There has been increasing interest in examining the role of meat as a first complementary food with respect to iron status in infancy. 7 However, the results of observational and randomized trials of the relationship between meat and iron status in early childhood have been inconsistent. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In Canada, screening for iron deficiency is not recommended. 19 However, social policies, such as maternity and parental leave benefits for up to one year, 20 support breastfeeding and other healthy feeding practices. Breastfeeding initiation is high (90%), more than half of women M A N U S C R I P T
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report exclusive breastfeeding at three months and any breastfeeding at six months, and complementary foods are introduced on average at 4.8 months. 21 In 2014, Health Canada, Canadian Paediatric Society, Dieticians of Canada, and Breastfeeding Committee for Canada published a joint statement for healthy term infants from six to 24 months of age. 19 Introduction of complementary feeding is recommended at about six months of age, parents and caregivers are advised to "first introduce iron-rich meat and meat alternatives, and iron-fortified cereals", and to offer iron-rich foods two or more times a day. 19 Meat is emphasized as an important source of heme-iron that is highly bioavailable compared with non-heme iron sources found in meat alternatives (e.g., legumes) and iron-fortified cereals.
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In the United States, breastfeeding initiation is at 79%, and 49% of infants are breastfeeding at six months of age. 22 The American Academy of Pediatrics similarly recommends iron-rich first foods, although no specific number of servings are suggested;
instead, it focuses on the total amount of iron required in the diet (7 mg/day for a 1-3 year old).
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The relationship between the consumption of meat and meat alternatives and the iron status of young children has not been previously examined in Canadian children. The purpose of this study was to evaluate the association between meat and meat alternatives consumption and iron status in young children. For our secondary objective we sought to determine the association between red meat consumption and iron status among children meeting current Canadian recommendations for meat consumption.
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METHODS
Participants
This was a cross-sectional study of healthy urban children, ages 12 to 36 months who attended scheduled health supervision visits at a TARGetKids! participating pediatric or family medicine primary care practice in Toronto, Canada between March 2008 and March 2015. TARGetKids! is a primary care practice-based research network set in Toronto, Canada (www.targetkids.ca). 23 Study participants were recruited by research personnel embedded in 9 participating clinics.
Sociodemographic, lifestyle and nutritional information were collected during a scheduled visit through a standardized parent-completed survey instrument based on the Canadian Community Health Survey. 24 Laboratory tests were also collected at these visits; for children with more than one visit, the first visit with serum ferritin testing was included in the analysis.
Exclusion criteria were: chronic conditions except asthma, severe developmental delay, impaired growth, and families unable to communicate in English. We restricted the ages to 12-36 months because iron deficiency is most prevalent during this period. 3 Children with elevated C-reactive Protein (≥ 10mg/L), a marker of inflammation, were excluded because it can distort serum ferritin levels. 25 Children receiving iron supplementation or a daily multivitamin with iron were excluded. We also excluded children with missing data on the exposure variables or outcome variable.
Consent was obtained from parents and ethical approval was granted from the Research
Ethics Boards at The Hospital for Sick Children and St. Michael's Hospital. 3=A few times a week; 7=Once a day; 14=2 times a day; and, 21=More than 2 times a day.
Exposure Variables
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Those who answered more than 2 times a day and 2 times a day were coded as eating meat or meat alternatives according to current Canadian recommendations (yes/no).
Our second predictor variable was red meat consumption. This was determined through parental response to the following question: "Please specify your child's diet in the past 3 days.
Please check all that apply." Those who checked red meat (beef, veal, pork, lamb, etc.) were coded as eating red meat (yes/no).
Outcome Variables
Our main outcome variable was iron status. Serum ferritin has been described as the best indicator of iron stores in the absence of inflammation. 27 The American Academy of Pediatrics notes that hemoglobin concentration as a measure of iron status lacks specificity and sensitivity, M A N U S C R I P T
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and recommends measurement of serum ferritin and C-reactive protein. 2 We measured serum ferritin using a Roche Modular platform (Roche Diagnostics, http://www.roche.com/diagnostics) at the Mount Sinai Services Laboratory. We used serum ferritin both as a continuous variable and as a binary variable (serum ferritin <14 µg/L) to classify children as having iron deficiency, which was the cutoff used in the US National Health and Nutrition Examination Survey (NHANES). 28 
Other Variables
Included in the analysis were covariates we a priori predicted might influence serum ferritin or both meat consumption and serum ferritin. These included parent-reported: age; sex; birth weight; maternal ethnicity; total breastfeeding duration (determined from the response to the question, "For how long has your child been breastfed?" -children who had never breastfed were classified as having a breastfeeding duration of 0 months and those currently breastfeeding were classified as having a breastfeeding duration equal to the child's current age); daily cow's milk intake (defined as daily number of 250-mL cups per day); bottle use (determined from the response to the question: "Does your child currently use a bottle?"); grain product intake (determined through parental response to the NutriSTEP® question: "My child usually eats grain products: Examples are bread, bagel, bun, cereal, pasta, rice, roti and tortillas a) More than 5 times a day; b) 4 to 5 times a day; c) 2 to 3 times a day; d) Less than 2 times a day."); and, fruit and vegetable intake (determined from the response to the question: "Please specify your child's diet in the past 3 days. Please check all that apply." -those who checked fruits and/or vegetables were coded as fruit and/or vegetable intake (yes/no)). Daily cow's milk intake was dichotomized into ≤2 cups and >2 cups per day, consistent with dietary recommendations. Also included were: 
Statistical Analysis
Descriptive statistics were performed for the main outcome, exposures and covariates. To assess the association between meat and meat alternatives consumption and serum ferritin level, we used a multivariable linear regression model adjusted for prespecified covariates. All covariates were specified a priori and included in the final model. From a previous study, serum ferritin was known to not be normally distributed. 31 Residual plots of serum ferritin against meat consumption were generated to verify the presence of a nonlinear relationship between the main predictor and the primary outcome. To accommodate the skewed distribution, serum ferritin was log transformed and then later back-transformed to aid in the interpretation of our results.
Multivariable logistic regression was used to evaluate the association between meat and meat alternatives consumption and iron deficiency, adjusting for all covariates described earlier. We used similar models to meet our secondary objective: determine the association between red meat consumption and serum ferritin level, as well as iron deficiency, among children eating meat or meat alternatives according to current Canadian guidelines.
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Several biologically plausible interactions were considered, including interactions between meat consumption and each of age, sex, total breastfeeding duration, BMI z score, daily cow's milk intake, current bottle use, grain product intake and fruit and vegetable intake.
A likelihood ratio test between the main effects model and the model with all plausible interaction terms yielded a joint P value of P>0.30 for all models, making all hypothesized interactions unlikely. The Akaike Information Criterion (AIC) also suggested that the models without the interactions were the best fit. Multicollinearity was examined using correlation matrices and a variance inflation factor of greater than 4. We assessed our models for outliers, homoscedasticity and normality using regression diagnostics, and residual and normal quantile plots. Missing data were handled by multiple imputation using the fully conditional specification method. The maximum rate of missing data for any variable was 9%. Statistical significance was defined as P < 0.05; all statistical tests were two-sided. Statistical analysis was conducted using SAS statistical software version 9.3 (SAS Institute Inc., Cary, NC, USA).
RESULTS
A total of 4199 children ages 12-36 months were recruited to participate; of these, 1746 children had blood assessed for serum ferritin values (Figure 1 ). Previous TARGet Kids! work has found those who opt to have blood sampled are similar in demographics to those who do not. 31 Of the 1746 children with serum ferritin values, 1187 had data on meat consumption. Of these, 55
children either had C-reactive Protein values ≥ 10mg/L or missing and were excluded. A further 89 children receiving iron supplementation or a daily multivitamin with iron or missing data on these variables were excluded.
Descriptive characteristics of the final study population (n=1043) are shown in µg/L), and the prevalence of iron deficiency (serum ferritin <14 µg/L) was 17.0%.
In the primary analysis, using multivariable linear regression we found no association between meat or meat alternatives consumption and serum ferritin (0.13 µg/L, 95% CI: -0.05 to 0.31, P =0.16) ( Table 2 ). The results of this fully adjusted analysis were not substantially different from the unadjusted analysis (0.14 µg/L, 95% CI: -0.04 to 0.31, P =0.13). Statistically significant covariates associated with decreased serum ferritin included longer breastfeeding duration (-0.42 µg/L for every additional month of breastfeeding, 95% CI: -0.60 to -0.24), higher zBMI (-1.60 µg/L for every additional unit in BMI z-score, 95% CI: -2.45 to -0.72), and daily cow's milk intake >2 cups (-3.55 µg/L, 95% CI: -5.32 to -1.64). Female sex, current bottle use, M A N U S C R I P T
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and fruit and vegetable intake in the past 3 days were significantly associated with increased serum ferritin levels.
In univariate analyses, we found a decreased odds of iron deficiency with higher meat For our secondary analysis, within the group of children who ate meat or meat alternatives according to recommendations, we found no association between red meat consumption and serum ferritin (Table 4) or with iron deficiency (Table 5) . Statistically significant covariates associated with decreased serum ferritin included longer breastfeeding duration, higher zBMI, and daily cow's milk intake >2 cups. Fruit and vegetable intake in the past 3 days was significantly associated with increased serum ferritin. Longer breastfeeding duration, higher zBMI, and lower birth weight were associated with an increased odds of iron deficiency.
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DISCUSSION
In this study of young, healthy Canadian children ages 12 to 36 months attending scheduled health supervision visits, 73% ate meat or meat alternatives according to Canadian recommendations (at least two times per day). 19 While increased meat consumption was not associated with average serum ferritin levels, we found a very modest, but significant, 3% reduction in iron deficiency, suggesting that lower meat intake is a risk factor for iron deficiency.
We found no association between red meat consumption and iron status amongst those children who ate meat or meat alternatives according to recommendations. categories (0=Not at all, 3=A few times a week, 7=Once a day, 14=2 times a day, and, 21=More than 2 times a day). P was <0.05 demonstrating a statistically significant linear trend, while the test for deviations from linearity was not significant which supports treating meat consumption as a continous variable.
Observational studies from other developed countries, have reported a positive association between meat consumption and iron status in infancy and early childhood. [8] [9] [10] [11] Differences in the measurement of meat consumption and differences in outcome variables (serum ferritin and iron deficiency) may explain why findings have been inconsistent. For example, in an analysis of data from the UK National Diet and Nutrition Survey of over 700 children aged 1.5 to 4.5 years,
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children in the lowest quintile of meat consumption had the highest rates of iron deficiency (ferritin <10 µg/L). 8 In a study of 263 healthy, 1.5-to 6-year-old children in Israel, iron deficiency was assessed according to the frequency of meat consumption in three categories:
seldom, once per week, two or more times per week (4 times more likely to have iron deficiency for seldom compared with two or more times per week). 11 In our study, we treated the frequency of meat consumption in five categories: not at all, a few times per week, once per day, two times per day, more than two times per day, as a continuous variable and considered both serum ferritin and iron deficiency as outcome variables. Another important distinction is that only one of the previous studies controlled for a number of potential confounding variables identified in the present study 11 -most adjusted only for age and/or sex.
Several randomized trials have evaluated meat consumption and iron status in infants and
young children. [12] [13] [14] [15] [16] [17] [18] Two trials, from Denmark and Germany, compared a low meat and high meat intervention in the first year of life. 12, 13 One of these studies identified a difference in hemoglobin but not serum ferritin; 12 the other found no differences in hemoglobin or serum ferritin. 13 Four studies, from Canada, the US (two studies), and a global cohort (Democratic Republic of Congo, Zambia, Guatemala, and Pakistan), compared meat and iron-fortified cereal. [14] [15] [16] [17] Three of these studies identified no differences in iron status; [14] [15] [16] one large study (n=1,062) found that iron status was significantly more favorable for the cereal group. 17 Finally, one trial from New Zealand compared a high-meat diet, iron-fortified milk and unmodified cow's milk in young children in the second year of life and found no differences in iron status between the three groups. 18 In previous cross-sectional studies, our group identified feeding practices associated with an increased risk of iron deficiency in early childhood. We found an almost 2-fold association M A N U S C R I P T
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between iron depletion and daytime bottle-feeding compared with cup feeding; 32 an association between higher cow's milk intake and lower serum ferritin, such that every 250 mL of cow's milk consumed was associated with a 3.6% decrease in serum ferritin; 33 and, a 5% increase in odds of iron deficiency with each additional month of breastfeeding and 1.7-fold increase in the odds of iron deficiency among children who are breastfed beyond 12 months of age. 31 Finally, a national cohort of children with severe iron deficiency anemia (hemoglobin < 80 g/L), compared with a regional cohort of iron sufficient children without anemia, consumed a larger volume of cow's milk daily, and were more likely to use a bottle during the day, and also in bed. 34 These findings support the AAP recommendations for increasing iron stores in young children: limiting cow's milk intake and iron supplementation for infants breastfeeding beyond 12 months of age.
An additional observation in our study was the strong negative relationship between zBMI and iron status. This suggests that overweight/obesity may be another modifiable risk factor associated with iron deficiency to be considered by primary care physicians in preventing iron deficiency in young children. We plan to further evaluate this association in a future crosssectional analyses.
Strengths of our study include a large sample of healthy children recruited from community-based primary healthcare settings. The large sample size provided precise effect estimates and hence narrow confidence intervals. We included children attending scheduled visits for preventive care, and excluded children with laboratory evidence of elevated CRP. To measure meat consumption, we used a question from the NutriSTEP® questionnaire shown to be a valid and reliable assessment of the nutritional status of preschool-aged children. 26 We included other sources of iron, such as grain product intake, and the intake of fruits and vegetables which may be high in vitamin C, known to enhance non-heme iron absorption when M A N U S C R I P T
consumed at the same meal, 35 as covariates in our statistical models. Limitations of our study include the cross-sectional design from which causality cannot be determined. In addition, parent reported measurement of meat consumption may be subject to measurement error and too crude to detect associations. While they may be more time-intensive, food diaries may be a better measurement tool to assess both meat consumption and intake of fruits and vegetables.
Furthermore, iron-fortified infant cereal consumption was not included as a covariate due to the high rate of missing values. However, infant cereals are intended for the 6 to 12 month age group; our age group was 12 to 36 months and after 12 months, infants should be eating table food. Further, it is possible that our measure of the frequency of meat consumption was less discriminatory (i.e., 3 of 5 response options available to parents were for ≥ 1 time per day) compared to other studies and therefore unable to detect an association with serum ferritin levels.
However, less than 10% of our cohort consumed meat less than once per day. Finally, data from this population may not be generalizable to children from other urban areas or non-urban children; however, the prevalence of iron deficiency was similar to other Canadian studies of this age group. 
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